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大碳簇发展，其中含有的氯原子的个数大部分为 1∼ 4 个。铁催化体系
中生成的部分氯代的碳团簇相对较小，而其中所含有的氯的数目却几








































































    Nowadays plasma synthesis by laser ablation plays a very important 
role among the researches about synthesis and production of clusters and 
nanomaterials. Many salient progresses in this area were realized by laser 
plasma synthesis. For example, the discovery of C60 and the family of 
fullerenes, the production of carbon nanotubes and many kinds of other 
nanomaterials. So we hope to build a new efficient method of preparing 
materials by laser ablation, and to study the formation conditions and 
disciplines. We hope not only to obtain macroscopic products, but also to 
explain the formation mechanism by study the intermadiate products. 
  The thesis is devoted to the study of plasma synthesis by laser 
ablation. Various carbon clusters, silicon clusters and silicon 
nanomaterials were prepared by laser plasma reaction in a reaction system 
including solid, liquid and gaseous reactants. The synthetic products were 
separated and characterized by various means. The formation mechanism 
of fullerenes and the growth mechanism of carbon clusters catalyzing by 













summarized as follows: 
(1)  By laser ablating a heterogeneous reaction system which was 
consisted of solid graphite, liquid and gaseous chloroform, a series of 
perchlorinated fragments of fullerenes were synthesized. The products 
were separated and characterized by high performance liquid 
chromatography coupled with both mass spectra and ultraviolet 
absorption spectroscopy. Most of the products could vest in two series, i.e. 
decachloro and octachloro ones. They were C12Cl10, C14Cl10, C16Cl10, 
C18Cl10, C20Cl10, C22Cl10 and C10Cl8, C12Cl8, C14Cl8, C16Cl8, C18Cl8, 
C20Cl8, C22Cl8, C24Cl8, C26Cl8, C28Cl8, C34Cl8. Among them, 
hexachlorobenzene (C6Cl6), octachloronaphthalene (C10Cl8), 
octachloroacenaphthylene (C12Cl8), decachlorobiphenyl (C12Cl10), 
decachloroanthracene (C14Cl10), decachlorophenanthrene (C14Cl10), 
decachloropyrene (C16Cl10), decachlorofluoranthene (C16Cl10) were 
identified. The results in this work indicated that laser ablation as a 
physical method was combined with conditions of chemical building-up 
reactions, it can be used as a kind of macroscopic quantities’ synthesis 
means obtainning various clusters.  
    (2)  Various carbon clusters were synthesized by laser ablation nickel, 
cobalt or iron respectively in chloroform vapor. The products were separated 
and characterized by high performance liquid chromatography coupled with 
mass spectra. The two sets of products preparing under catalysis of nickel or 
cobalt were similar, most of them were carbon-chlorine-hydrogen clusters 
and carbon –hydrogen clusters. The number of carbon atoms of the clusters 













contained 1∼ 4 chlorine atoms. Otherwise, the products preparing under 
catalysis of iron were quite different. The carbon-chlorine-hydrogen clusters 
were smaller, but the numbers of chlorine atoms in them were almost above 
5, reached 12. And many kinds of carbon-chlorine clusters were included. 
    The results indicated that nickel, cobalt and iron could catalyzed the 
growth of carbon clusters in different extent of capability. The catalysis 
mechanisms of nickel and cobalt should be similar, but the catalysis 
mechanism of iron was quite different. The catalyzing capability of nickel 
and cobalt were stronger than that of iron. The reaction of metal catalysts to 
carbon clusters should begin from the period when the cluster consisted of 
only a few carbon atoms. The production of carbon-chlorine-hydrogen 
clusters and carbon –hydrogen clusters was because of the exist of metal 
catalysts, and the chlorine atoms binded at the open edge of carbon clusters 
baffled the catalysis to the growth of carbon clusters. 
(3)  A special synthetic reaction has been developed, in which vapor 
of the reactant interacts with the high temperature plasma generated by 
laser ablating a graphite target. By selecting chained methylsilicone as 
reactant, a series of methylsilsesquioxanes products with various structural 
configurations have been obtained. Among them, two products, which were 
separated by sublimation in high vacuum and recrystalization, were 
characterized by X-ray crystal diffraction as (CH3SiO1.5)n (n=8,10). Both of 
them are found to have three-dimensional cage structure. In addition, other 
products with double ring structure were detected by GC-MS analysis. The 
results demonstrate the potential application of the synthetic reaction. In 













energy-transfer of the laser plasma, chain structure of the reactant 
dissociated and recombined to give the cage and ring structure of the 
products. 
    (4)  By laser ablating silicon dioxide in the vapor of 
1,3-dimethyl-1,1,3,3-tetraphenyldisiloxane, nanotextured polysiloxane 
films were produced. The IR spectroscopy, X-ray photoelectron 
spectroscopy, scanning electron microscopy and transmission electron 
microscopy analyses of solid samples indicated that the deposit possessed 
a fluffy appearance and its morphology was represented by agglomerates 
that were chain-like structures, about 10 nanometers in size, connected by 
chemical bonds. The basic structure unit of the deposit was same as that 
of reactant and liquid products, that was CH3C6H5SiO group. The deposit 
had high molecular weight and/or cross-linked structure. The results 
indicated that the synthesize method in this work was a useful technology 
for deposition of nanostructured polysiloxanes materials. 
The liquid products were analysed by high performance liquid 
chromatography coupled with both mass spectra and ultraviolet 
absorption spectroscopy and IR spectroscopy. Some series of chain 
polysiloxanes which had similar composition and structure were included 
in the products. The basic structure unit of them were all CH3C6H5SiO 
group, but the end groups of the chains were different.  They were 
methyls, phenyls and hydroxys. The mass spectra analysis to the gaseous 
products provided evidence for that the reactant molecules decomposed 
completely under the reaction of laser plasma. The decomposition steps 
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